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nuribvi. of 1melk'ls to ho( tril me-; mmmii is h I e in fl(.:mnnml or ~er'msmi Im;tmip

is~ Compareto'i i the t-jmmer.a1l lv ,( pr(mrwmichi, l hotl
nlumberJC Of packets to he sint,, . 1  ;i07 '(hfm!( vmih iii(lim o'; imm!i.;ill Ir 11~:1 mmlidh

3. IIIEE)41IT GiTl1l. T'IV'RAW;F MM PMll~(l~;(~2Vi

Si gm~m1-deemient110i lie CeMmeOtimt CI rd When soumip I i ng Vid(eo si gnam I s

at: low Saml Iing rate , wi lie using anl adapt ive video del tamodli-

laLor bo0th as an encoder and aI video digitLizer, is combhated by

using at wlii re-l ight re-flectCive transforili optical preprocessor.

Whi IC the white-I ight preprocessor work~s onl black and] wihite images

its ma in advantage is thatL it can simultane"Ious process using a

singrle source, many color channel I. Further, the roelat ive lack

of both spaL i a and temporalI cohe rence a ids. in reduicing; specklec

anid int rf eoreunce noise ef fects . Col or virden im.n1mge thda t halve

boon p)reprocessed using this white-light11 opticalI preprocessor

and theni~iJ s~ledl clonse to) time ir tlyp i iSt rate are preseOnted.

4. S l'l1k!!:~ulvI :; I A(;[: P!,"I']() Al'lON OF E4(I ;Y lMAr;t2-1'

Sulmerresol vimg imnige restLoration (SIR) in thef( presence of at

nois;y emmvi rommoent is c;onsidered. Most SIR a lgnritmns , even inl time

alIncmme of noi se, can emnly reSOlve two poinmt sourices One-half

RaIy (In gm i StMIC 11cc aprt . Ila this report: , it I i !;shown tha t iii

the(- ahsnmm-:o Of 11, i!re the SIR of two Iboimit. source spicod one-

eiht ci a Mmyleigm disr;tamce apart is possible. 'lie algoritmims

mifs. opt irmai mm Img Im mmmhii on m; 'VI ()mm tim n Mmmct mm.ms of

I immmi- mI;~.' , I I'm- linisy imgnthn mcolmihimmm1 muml ci I immmor

;m ,! m' 111. if11 I I mmiso fi I . mr i mmg i! % ismd . Imm thii repolt t

it is Simhmwm L! for ,I miifr~ictiom-limmi tori imimil Of two1 I)il

;niircP-g mlum eel ono-ia ft leyle iglm dii taCe aport , whnieic iiit

',m~m~i ~mImi-,( rat in1 i'; 21M), S;iR ismnlmhiev.mlmle. 'irmse results

imavm immmhortummt implIicamt Iimn'; il mm atfmo;pIeric Oums *.ism'ology,4 ~rad'io im trommomy, im--ical mli;uilmitst iCcs amil digi t~ai lmimdwidtm

c u lm; (mi i i mli ttiomm, who'. li, mIIne mllmim mm Ill i filof moi sy bimmmm-

w Iml II omp Ir, Inm i mmimo g s e m oi u fImef fmmmmm.im-mWm a! I imii tatL i Olti.
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I. Research Ob01ijctives

1. ! I' w Ajii c' \quisition of a1 sp tdSe t-II i,11

Thew P hase Locked 1,001 P ) is a (eiQ0 wiCI Uses thle pci nc Iple of nega ltive

Ieedlack to pr1ov'ide( :11)I l miluitnd a recfer-ence point r-equir-ed lo oli.Ihiill the( informatlion

conta inedl inl the received! signalI. U sual ly this recferenlce pont is the calirjer fr-eqpieley

of the received signal. In pr-ac tica I systemis the r'eceiVed si gnal is A -II unkn11own

frequency locatte(I Within a speNAcife relativly wVide( Ilid~~tl. Tlb aICIlir-e t.11 Signal,

the P)IA, is des5i gned to have a oarirow ha ndwidlth w hi ch pr-eci tdes ra pid( acquisition. Tlo

signlifiCanltly rC(luICe, the IC(jI iition timefl one can emiploy anl "acqluis ition aid"'.

Thle acquiiion aid SttiedC~ under( this gr~ant Cemploys thle Fast Vourier 'Uran s-

- form (ITT). It is shown that this techniOu'e grea,'tly enhances the acqo isi ton caliahiIi ty

of a1 P) A, system ilop~eratinig inl the( l-'ence of noise.

2. Multiple Access using Dyna mic Reservations

TIhe need for- a nultiaccess prolof 'nI a iFU \Vl whever a resourc e Is sharedl b~y

many independent contending! uIsers. Two major factors conti ilite to such a situation.

~)the niedi to shiare expensive reCsour1ces inl ordier to achieve their efficient utilization,

and (b) the oied to pr-ovide a high dgre of COneI)~Vi ty for corn mu Lni cation among

Indlependlent users.

'I'lle inn tiaccess scheme stu1icr undler this grant comnhines a rhynamlic allocation

reservation techlniqfue with conventional time dIivision multi ple access to prov ide a

system inl which the dlelay timei is miniid ( for a given throughpuI)Lt.

1. I liir White- IA-jht I t'flec t ie 'l-ins form11 I leploccssor- for- Heal-Ti ic

D)igital Color. Image," Trans mIlislsionI

I IInge pr-ocessing for. the purpose of' digital hanldwidl coioplessfln of Video

Iniages tirausmiotevd i I a real-fiici ('1il oimnit is pl-Sii((h.

'I. St petrresolv iiq ImnLa! e Istoin I ion of Noisy liiges

IReconls tIcfrctlo of objects Ihlat have heeni degrladed by limuitedl halldwidth

chrnncls Is 9tudled.



SI ~ t: It 1r; of I Ie w 1 1i K:11) If.

I.Freqiiciirv Acqi iho 11 ( i iiSlti

Our r'es earch is conceiiied with the I]:;( of ani acquiiisitioni aidl which dlerives

all "aiiliw'' sinal via a1 F Fl p~rocessing of Ohe iincoing signal. 1hw Mom(!e

uti lizes anl if~iiti ve tcchili(iIit, ,;o that liy Ictectilit, the ((hiif 1t(ulenicy of tlie

rceivedl signal, we can decreaise the uncertni ity hand or frequency window,

writhin which thS center freqiRcncv pies en ty rzesides. When the iuceri'ai nty hand

is S111-11 IU'Ilig COMiKIitiCi to the Hi iMI ule-sired p~haSe locked loop (PILL) k~iildv'iilth

a narrow t-rackinig loop Cail he switched in to complete the locking procedure.

Ihe poss ible fimp] ementatons of the acquisition aid in thle PL L or in the

Co.sLas loop arc shown in Fig. I and Fig. 2 respctively. Position A of the

switches, s hown on thMe figures, is used during lf qsi ton , wvulie position Bt

is usedl to track the incoiing S ignalI Onice aC(ln~jiitionl is Obtainiedl.

The center fre-quency of the received signlmay have a shif with respect

to the transniiter's signal frequency ~inc to the trans inittor's oscillator i nstaibilities

and/or. a1 Dopp dci shi ift. We shall groulp the talof all these variations into One and

refer to it as the lky p1 er shift A ) Fur I herilmore, we will assumle that the Doppler

Shift is slow.ly va-ty ng and may, I herefore, he cons ideredl constant, duin g the :tcqliisi-

tuonl procuss. I kccal u of' the Dlder shlift, the ceiiter frequency of the received

signal is knoV.n1 only to lie in a, prac tieUlar frequenLc~ly window A f WI( Fig. 3), where

1- f, - f (1

-i-d the received sgignl is sai iilcrl at the saimfdling interals

2 A W)(2)

Afte r saiiuplin, h Hic('iveul sutgiril N tIiii(5 thequjiisitioil ai



c:dlcul:htc5 an N - poild IiT ol it. The I I ic':11liy 1(:-;o)llt.iJ(n oliblliil 1),y fh

NI - point II"T is

I
f N T

and substituting Eq. 2 into Eq. :1 we olbtain

2 A f
flNi: N (,')

In the time domain we have N1 sampled points TS see. al)art, and

in the frequency domill we have N1  ints f 0 II . :Cjsnrt, Or equivaltly
N filters, each of them with a banhwidl.h of f R1 liz.

As a possible implenc tition foc the acquisition aid we select as the

received signal's center frequcty, the oe' at whinh occ,'aI s the mtximum of

the magnitule-sqtared of consecutive complex N1 - point IFIT. The time required

to acquliro will teir hei

'T = N1TF (5)
AcQ I S1

hle prohalthlity )C of choosi itg thme !orret frequency Ls th center
C

frequency of the received signal is proportionatl to the ratio of the signal power

1) to the noise xwer I) in cn [ille :s N

S
P ' - -- (6)

C I N

vhere l . mois p)owe'r col:lim(ed ill ,:ich filler is

) - N 1  l7 ('7)

I

__, 2



p u l i~l I G w )It' i I i i

The (li;Jit1.il~nl itise to5'( I') glwat( tile carrier's pl se Iiilluitioii

uses a Nonl- kctiliiii-to--/,ro( (Ni(/) t'wliit. It is reaily shown,1 that fol. this

C,1S 90", of tile sign1:i I poweor is ill ilhe juit i-val - I 1. afroiiivt the received

signal's Center frequenicy (1 1 is the hit In Itt of the N 11/ signal1 ) and 70U of the

signal piower' is ill the initerval .± I12),. If we reduce the filters' b~iuwidth by

increasing N1 , wec decrease the noise plower contined inl eacti filter but, at

bandlwidlths less than11 f 1,thle signal1 power inl thle fi Itel- is rI.(liced as rapidhlY as

the, noise po4wer'. Therce is tierelore 11(1 J iiirovemieiit ill he probatn lily of chnoos jug

the correct frequency by reducinig the lifters' ha;nilwidltl below f 1)and inl Our coum-

puter si mulat ions of the acquisition aidlw used f as the. filter bandwidthI.

TlO increase I)' we use anl iterative tech niqlne by~ wh ic I we effectivelY

increase the sigintI-to-floise ratio. As beforC WC icalulte anl N I- point. IFl

of thle IN1  anj points; but we Store illtilue processor's 11nC]11oe lite nagni t udC-

Squared of tile Consecutive co mplex N 1/2 - point 1Fl. '11w n l, iel se he inc perfor ins

aL second calcla;tionl Of the nuigni lltuide-squared of conlsecuitive, comuplex N1 1 /2 - p)oint,

VET of a new.% set of ifitepelent, N Ia unipledl points auld it adds poinit-n~'-poi fit the

resulting nugnitudes to flue fiagiitudels Stored inl the licieiiory.

To lower thle probabi lity oif se'lecting, an1 incorrect freqIuenlcy as the Ceinter

frenitwolcy of tile receivedl sigiul, we 11rcuy neced several iterations, depeinig Onl

siIna-to-no0iSe ratio. IlO\ovvr, this process is Iiliiited b~y the tille Of acquisition

required by tile system inli the acuisit ion mlode. Ill g'enerlal, however,

A(Q IS

t ~cr 1 sil illhe fiuail



thiir adti o , li I 1 aire (5)111)11'III, tw sch-5' li fi nd.,;I I hc t lie iII~i II v:III) I t I

re(sul!ting N1 /2 nuiml ers :;tore in 11e 01110 1'Y "Ind it li:;(.s the I zehIlueltev at whichi

the niinmnm aplpears to rnove the ('('lier frequenicy of the f'l~'' 'la~

Cont rotlled ( )se ii 1:tor.

sl hst i l in' FAl. 2 in I wi 01 Ia.' ili as the a eqli i ioin t i 11e rie 1iii rii

by ( c elie hlne

K N + T
A CQ 2 f w CA L( 1 P

where T CA is thle ti me reqli'm by M Ile sele nw to cakltiaWI the 1'l''ls,

We p~resent, in Fig. 41, plots of (Ile probabiility of scetctiiig, incorrect

fr'qiieiie 1 as a functin of the signal-to-noise ratio E1 /ij and tWe parameters

X,vliieh is thle ratiot of the fillers' landwitli, f ,?1 to the signail hit ra~te', f h

'Ile computer si inlilition mnele onIv one 1"li cailculation, choosing the frequency

Of the mnaxillmuml of the set of the ileigni tImu-sqiiarei oif tW fq/2 eHIiseeiiive,

comlplex, numbIIers, '1s thle sifgelil 's ceniter frequency.

On ligs .5 am!l 6, wve shmow. the reults in tMe case of two iteration,

1, 2, and thireie iter:itiois, 1K z :', re'spectively'. Note that for prohahi IILies

of error less than Ii. 1, l = I, Is oi mumi, i.. the filtr liamhHhji WWI limhie

- chosen to he e(1ui:i0 to the hit rate f 1
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Our pr'oposed schliu ' isis1 W at dyi/i c Ii iii-ai gh ilnt. s'sI('nIl

ich rehiiis the allIocti~n hAiiii(s while allowing ih"V In) nmil: mu,1 4i (lahihi

CapaCity othIei'xisC Wasted due to light tral Hic loads ;ind /or a nonunifIormi distri 1)1-

tion of traffi anmong thle nodes. In lpartic ular, it al lows shorter ilnessges to he

sodt with (lelas very close to those encountered when usklg only fied '[DMA,

WeiiI at the samne thnre alIlowing liigei' miessages to use mnore channel catpaci ty.

In this projIosed SChi)Cii1, timen IS dtividled initofralnIeS, echLI consisting

of one slot (for reservations andl acknowledgments) and Heserved Tim ncslots for

reservel dAtN packets. The numbner of the Ileservedl Slots will vary, depending

oil the de imind of thle stations as iilustrated l Cow.

Elih stat-ion xwill send two bits (0 ) (or oily 0 ini this case) , (0, 1), or

* ~(1 , 1) into the reservat ion slot whiich is dividled into 2N s mallI slots, where N is the

nnhr of stations. '[he (0, 0) vector represents that, the sAction does not, have any

packet for trans miss ions, the (0, 1) vector repiresents that the sL'i ion has only one

packet to transndt, and the (1,13) vector ereuents that the Stat ion has two or more

pacl~vts to transmit. (ne najor advntage of this scheme is seen to he that the

reservat ion timie is a very ,;mil liercenthige of thle total ha inc ti menn which is not

tiue for otlur existing schemes. Ile lata Inackets Waitinig at. thle stations wvil bIle

transinad into Neserved Slots of the fra me, whose numbiner wvill vary according

to the following rules:

ai) I here! %vi!! he no tim inloth re;served for the station which huts sent tile

(0, 0) vector;

b) T[here wxil Ib e one time slot reserved for trans mission for the station

wvhich hais senit the (U, 1) vector;

C) Athe stattioni xxhi)IchisT sfut, the (1, 1) vector wxill he! allotted time slots

(equal to or greater than11 txvo) wxhiich wxill depend ou its, pinor reservation

vectors as, hf!llowvs



i) 'Two (2) slots will lhe rescrv 'r tr'ansiri:;Srorr if ihe fIirst

-I jlI'(ce(Iiig reservationl Vector i'4 (U, U) of, (U, 1); inl othier words

if tile Second bits inl the present arnd thle first precedi rig vector.

for nhs (U, 1).

ii) 1) tinic slots where 11 is equnal to or greater than two will he

reserved l or tra n; illission if tihe first preceding Vector i~j

(1 , 1) but thle second preceding1 vector is (U, U) or (U, 1); inl other

wordls if thle second~ hits ill tile0 present and tile precedinrg two

vec tors for ill (U, 1 ,1).

iii) Q time slots where Q is eqiual to or gr'eater than 11 will bec

reservc(i for trans mission if the preceir, two vectors arc

both (1, 1); ill othrl wordis if the second bits ilr thle pres ent,

'I rId tihe prieeedi fig two vectors for' (I , 1, 1).

A FOR ITR A N simrulation prog ramn was wri ttelr to fin rile behavior of

the systemi. Ani exporrenit a I irtera llIrivl timle dis tril.UtI WaLs Used (or C-1kch

User withi sep a rately deli red mecans. A I U-node, 50Upis Chraninel was uised.

'a',ffic MIlS (IInt dis5tri bnted a morrg thel nodes. The ab sc issa is tile average

IoL'iI packet delay for all nodes ar)I i irl~eS 111e all LCieuc rg, tranlS missiOln, anlti

pr'opagation timres. olrid ina te is total chrannel. thr'ourghpurt tine to trarffi c from

all1 nodes, wire i tirrorigirpri t inlc ides. overl;ead bits.*
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